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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: The use of a da Vinci robotic system may improve the outcome of uro-
logical surgery. This study reports 6 years of experience with vesicourethral anastomosis
(VUA) following robot-assisted laparoscopic radical prostatectomy (RALP) performed in Tai-
chung Veterans General Hospital, Taichung, Taiwan.
Methods: A total of 350 patients who underwent RALP by a single surgeon were reviewed. We
followed Dr Patel’s RALP procedure with minor modifications. VUA was checked with 120 mL
and 200 mL saline in sequence. The urinary bladder was then pressed with endoscopic instru-
ments. If a VUA leak was detected, it was sutured immediately. An 18-French silicon Foley’s
catheter was inserted and removed 7e14 days after RALP. Preoperative characteristics and
perioperative complications were assessed.
Results: Overall, 332 (94.85%) patients were without any leakage in the first step of the chal-
lenge, eight of whom had leakage in the second step. After repair, all were free from leakage.
The other 18 patients had leakage in the first step of the challenge (5.14%). After repair, 12
patients were without leakage in the second step. However, one patient had urine leakage
postoperatively. The other six patients had leakage in the second step. After repair, twoave no conflicts of interest relevant to this article.
rology, Department of Surgery, 1650 Taiwan Boulevard Section 4, Taichung Veterans General Hospital,
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960 C.-C. Chen et al.patients were free from leakage, but the remaining four suffered from persistent minor urine
leakage postoperatively. The urine leakage rate after RALP was 1.43% (5/350). The potential
urine leakage after bladder challenge and endoscopic instruments pressing could be minimized
to 0.29% (1/346).
Conclusion: VUA leakage after RALP is rare. Intraoperative VUA challenge is simple and
feasible compared to postoperative retrograde cystography.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Prostate cancer is the second most common cancer in men
worldwide. The incidence of prostate cancer in Taiwan has
increased in recent years, because enhanced access to
health check-up has also increased the number of cases
being detected. The gold standard treatment of prostate
cancer was first described by Walsh1 in 1980. Thereafter,
laparoscopic radical prostatectomy (LRP) and robot-
assisted laparoscopic radical prostatectomy (RALP) have
also been developed to overcome the problem of restricted
operative space.2
Postoperative vesicourethral anastomosis (VUA) leakage
is one of the most annoying complications that may result in
poor anastomosis healing, urethral contracture, urinoma,
and abscess formation.3 Many methods were reported for
early detection of VUA leakage after retropubic radical
prostatectomy (RRP) or LRP.2e5 The current standard
method is postoperative retrograde cystography.4
In 1999, the da Vinci robotic system was first introduced
in urology. The advantage of precise performance makes
VUA an easy-to-use and safe method. The VUA leakage rate
after RALP is 0.90e7.50%, which is much better than that
after RRP or LRP (0.20e33.30% for RRP and 0.80e17% for
LRP).6 This study aimed to report our experience of 6 years
with VUA after RALP and provide a simple and economical
method to detect VUA leakage intraoperatively instead of
performing retrograde cystography postoperatively.Figure 1 Reconstruction of the bladder neck. An 18-French
silicon Foley’s catheter with a 10 mL balloon was indwelled.Patients and methods
In this study, prospective data collection and retrospective
analysis were performed for 350 patients who underwent
da Vinci robotic surgery by a single surgeon, in the urology
department at Taichung Veterans General Hospital, Tai-
chung, Taiwan, from December 2005 to February 2011. The
prospective data collection was approved by our ethics
committee. All patients provided written informed
consent.
All the surgeries were performed via a da Vinci standard
four-arm surgical system (Intuitive Surgical, Sunnyvale, CA,
USA). All cases were carried out following Dr Patel’s RALP
procedure, with minor modifications.7 In VUA, we per-
formed posterior reconstruction with a rhabdosphincter.8
Then, anastomosis was performed using two 18 cm 3-O
Monocryl continuous sutures (Ethicon, Mexico), starting at
the 5 o’clock position and continued to the 11 o’clock po-
sition where sutures were tied together.
After the bladder neck reconstruction (Fig. 1), the VUA is
challenged with 200 mL saline intraoperatively to confirmwatertight anastomosis. This procedure is divided into two
steps, the first step using 120 mL and the next step using an
additional 80 mL of saline. When the urinary bladder is
distended with 120 mL of saline in the first step, it is
pressed from top to bottom by about 3 cm in depth and
from the outer to the medial side by about 3 cm in width
using endoscopic instruments (Fig. 2A and B). The leakage
site was repaired with 3-O Monocryl sutures immediately. In
the second step, we instilled the additional 80 mL of saline
into the urinary bladder. Next, the above procedures were
repeated using endoscopic instruments. The leakage site
was also checked and sutured immediately.
An 18-French silicon Foley’s catheter with a 20 mL
balloon was inserted without traction. A closed-wound
vacuum drainage tube was placed at the anastomosis site.
We removed the drainage tube between Postoperative Day
(POD) 1 and POD 3, according to the amount and color of
drainage. Patients were discharged during PODs 2e5. The
Foley’s catheter would be removed at the next follow-up at
the outpatient department (OPD) between POD 7 and POD
14. Urine leakage was defined as persistent drainage of
more than 100 mL by POD 4. The drainage of fluid was
confirmed by biochemical analysis. If the creatinine level of
the drainage fluid is more than 40 mg/dL, we defined it as
urine leakage.9 Postoperative complications of VUA were
assessed at the OPD, including lower urinary tract symp-
toms, gastrointestinal symptoms, and wound status.Results
We divided our initial 30 cases of RALP into two groups.
Twelve of the first 15 cases and one of the second 15 cases
Table 1 Preoperative characteristics, operative parame-
ters, and perioperative data.
Total 350
Age (y) 63.80  6.90
Preoperative PSA (ng/mL) 15.63  16.85
Gleason’s sum
2e4 4
5e7 290
8e10 56
Clinical stage
cT1 125
cT2 205
cT3 20
Catheterization (d) 8.65  2.30
Postoperative urethral stricture (n) 3
Postoperative urine leakage (n) 5
PSA Z prostate-specific antigen.
Figure 2 (A) Pressing of the urinary bladder from top to
bottom by about 3 cm in depth with endoscopic instruments.
(B) Pressing of the urinary bladder from the outer to the medial
side by about 3 cm in width with endoscopic instruments.
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tions of VUA did not show any statistically significant dif-
ference between the two groups. Thus, we did not perform
routine postoperative retrograde cystography hereafter.10
Between December 2005 and February 2011, 350
consecutive patients underwent RALP by a single surgeon in
this institution. The mean age of patients was 63.80  6.90
years. Preoperative prostate-specific antigen (PSA) level
was 15.63  16.85 ng/mL. Gleason’s scores of prostate bi-
opsy were as follows: four cases, 290 cases, and 56 cases
with Gleason’s sums of 2e4, 5e7, and 8e10, respectively.
Clinical stages of these 350 patients were as follows: 125
cases at T1, 205 cases at T2, and 20 cases at T3. The
indwelling period of Foley’s catheter was 8.65  2.30 days
(Table 1).
In the first step of bladder challenge with 120 mL saline
infusion, 332 cases (94.85%) did not show any VUA leakage,
but leakage occurred in 18 cases (5.14%) (Fig. 3). For the
332 cases who received the second step of bladder chal-
lenge with an additional 80 mL of saline infusion, VUA
leakage occurred in eight patients, which was repaired
immediately with 3-O Monocryl sutures. These eight anas-
tomoses were rechecked with 200 mL saline infusion and
pressing of endoscopic instruments. No further VUA leakage
was observed for these eight patients. Eventually, all the
332 patients were free from urine leakage.The remaining 18 cases, who failed in the first step of
bladder challenge, were repaired with 3-O Monocryl sutures
immediately. After the anastomoses were rechecked with
120 mL saline, the additional 80 mL saline was infused.
When the distended urinary bladder was pressed by endo-
scopic instruments, 12 patients were found to be without
VUA leakage, but six patients leaked. However, in one of
the 12 patients, urine leakage occurred postoperatively.
The Foley’s catheter was indwelled without traction until
POD 14. Retrograde cystography was performed, which
disclosed that the leakage site sealed spontaneously. The
other six leaked anastomoses were repaired with sutures
immediately. Two of them were free from urine leakage
eventually, but the remaining four patients suffered from
persistent minor urine leakage postoperatively. Foley’s
catheters with a 25 mL balloon were placed in three pa-
tients for 14 days, without traction. Anastomotic gaps of
these three patients healed spontaneously, which was
confirmed by retrograde cystography. Only one patient
needed the insertion of a percutaneous nephrostomy
drainage and an indwelling urethral catheter for 21 days.
VUA leakage of these four patients healed spontaneously
after a prolonged placement of a Foley’s catheter.
The incidence of urine leakage after RALP was 1.43% (5/
350). Excluding the four patients in whom leakage was
noted during the intraoperative challenge with 200 mL sa-
line, the urine leakage rate was 0.29% (1/346) post-
operatively. In the postoperative OPD follow-up, two
patients were found to suffer from anastomosis stricture
and one patient from urethral meatus stricture. These
strictures were easily managed after once urethral
sounding.
Discussion
Over several decades, the operation procedure progressed
from RRP and LRP to RALP. New techniques made difficult
procedures relatively easier. Postoperative urine leakage is
still an annoying problem after radical prostatectomy.
Although the leakage site between the bladder and urethra
would heal spontaneously after prolonged catheterization,
N = 350
Anastomosis
leakage, N = 18
No anastomosis
leakage, N = 332
Bladder challenge with 
N/S 120 mL – STEP 1
No anastomosis
leakage, N = 18
Repair and rechallenge 
with N/S 120 mL – STEP 1
Bladder challenge with 
N/S 200 mL – STEP 2
No anastomosis
leakage, N = 324
Anastomosis
leakage, N = 8
Repair and rechallenge 
with N/S 200 mL
No anastomosis
leakage, N = 8
No anastomosis
leakage, N = 12
Post-op urine 
leakage, N = 1
Anastomosis
leakage, N = 6
Repair and rechallenge 
with N/S 200 mL
No anastomosis
leakage, N = 2
Mild anastomosis
leakage, N = 4
Bladder challenge with 
N/S 200 mL – STEP 2
Figure 3 Algorithm of bladder challenge.
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fibrotic tissue formation leading to urethral contractures. In
the past, Foley’s catheters would not be removed for 2e3
weeks until the VUA healed spontaneously.11 Some surgeons
would arrange retrograde cystography prior to removal of
the catheter. However, prolonged catheterization and
postoperative cystography are uncomfortable procedures.
After the application of a da Vinci Robotic surgical system
and modified techniques for radical prostatectomy, the
urine leakage rate decreased significantly (0.90e7.50%).3,6
For the detection of postoperative urine leakage in RRP
and LRP, many methods have been developed in the past
few decades. The standard procedure is retrograde cys-
tography to make sure the adequacy of VUA post-
operatively. Other reports include computed tomography
cystography,3 transrectal ultrasonography,2,5 and trans-
vesical contrast-enhanced ultrasound.4 However, these
procedures have some disadvantages,2,4 such as radiation
exposure, appointment for radiological equipment and ra-
diologists, discomfort and potential injury during trans-
rectal manipulation, and requirement of an expensive
contrast medium. Furthermore, all these procedures are
performed postoperatively, and the leakage site cannot be
managed immediately.
Han et al3 mentioned that about 70% of VUA leakages
were diagnosed incorrectly by retrograde cystography,
which would miss about 80% of mild leaks and 25% of
moderate leaks. Even 33% of moderate leaks would beunderestimated. Thus, conventional retrograde cystog-
raphy seems to provide less accurate information in some
cases.
Regarding the surgical techniques, Tan et al6 compared
three anastomosis techniques (conventional anastomosis,
anterior reconstruction, and total anatomic restoration) in
1900 patients with prostate cancer who underwent RALP by
a single surgeon. The urine leakage rate was 2.30%, 1.00%,
and 0.30%, respectively (p Z 0.01). Surgical technique on
VUA was thought to be significant variation (p Z 0.01). We
followed Dr Patel’s RALP procedure with minor modifica-
tions.12 The overall urine leakage rate in our series was
1.43% (5/350), which is similar to that in Dr Patel’s series of
2500 patients in RALP (1.46%).13 The urine leakage rate
seems to be related to consistent surgical volume and sur-
gical techniques.13 In our series of first 200 cases of RALP,
we found that the learning curve to prevent complication is
150 cases.10 Thus, for decreasing the urine leakage rate,
proficient surgical technique and sufficient surgical expe-
rience are required.
Among the five patients with postoperative urinary
leakage, we analyzed their characteristics including age,
preoperative PSA level, prostate volume, Gleason’s score,
pathological stage, and whether or not neurovascular
bundle is preserved (Table 2). In our data, no significant
trend that may affect the outcome of VUA was found. It is
expected that poorly differentiated neoplasms, a huge
prostate volume, and imperfect bladder neck preservation
Table 2 Characteristics of the five patients with postoperative urinary leakage.
Patient Age Preoperative
PSA (ng/mL)
Prostate
volume (g)
Gleason’s
score
Pathological
stagea
Neurovascular
bundle preservation
Urethral
catheterization (d)
1 60 16.64 40 3 þ 4 Z 7 pT3a Without 14
2 72 5.64 110 3 þ 4 Z 7 pT3a Without 14
3 68 30.57 40 3 þ 4 Z 7 pT2c Without 14
4 53 6.30 55 3 þ 3 Z 6 pT2c With 14
5 59 8.79 30 4 þ 3 Z 7 pT2b With 21/with bilateral PCN
PCN Z percutaneous nephrostomy; PSA Z prostate-specific antigen.
a AJCC/UICC American Joint Committee on Cancer/Union Internationale Contre le Cancer, 7th edition for prostate cancer stage.
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anastomotic stumps and tension on the vesicourethral gap
had impacts on the anastomosis process. However, the
sample size of this study is very small, which may cause
sampling bias in the inclusion of patients. A multi-
institutional study should be conducted in future.
Currently, proficient surgical technique and enough surgical
experience are still the most evidence-based strategies for
the prevention of VUA leakage.13,14
Because the urine leakage rate is low, developing a
suitable method to detect VUA leakage intraoperatively
would be a better option than performing postoperative
retrograde cystography, which involves unnecessary radia-
tion exposure, uncomfortable procedures, and extra cost
for contrast medium and equipment.
Many surgeons have tried bladder challenge with saline
instillation intraoperatively to detect urine leakage. How-
ever, the instilled volume was neither well described nor
uniform. The range of challenged volume varied from
120 mL to 250 mL.6,15,16 We also challenged the VUA with
200 mL saline, but we divided our procedure into two steps:
first with 120 mL and then with an additional 80 mL. We
found that challenging the VUA with only 120 mL saline
resulted in 14 potential cases (4%) suffering from urine
leakage (Fig. 3). After we added the extra 80 mL saline in
the second step of VUA challenge, the unexpected urine
leakage decreased and was found to occur in only one of
the 346 cases in our series (0.29%). Hence, we suggest that
the bladder challenge of 120 mL and 200 mL in sequence
can reduce unexpected urine leakage.
The other clue to detect VUA leakage intraoperatively is
pressing the distended urinary bladder from top to bottom
by about 3 cm in depth and from the outer to the medial
side by about 3 cm in width using endoscopic instruments
(Fig. 2A and B). This technique has not been reported
earlier. We filled the urinary bladder with 120 mL and
200 mL saline in sequence, and pressed it, resembling a
situation that the urinary bladder is under a high intra-
vesical pressure. A Foley’s catheter is sometimes kinked or
obstructed by blood clots postoperatively, resulting in a
high intravesical pressure. We can find the weak point of
the anastomosis and repair it immediately intraoperatively.
These two simple procedures can certainly replace the
routine postoperative retrograde cystography. Retrograde
cystography should only be applied to highly suspected
cases.
However, this study has some limitations. First, the
average indwelling period of a Foley’s catheter was8.65  2.30 days, which is slightly longer than that in other
series. The optimal duration of urethral catheterization is
not well-known following current study. In the series of
open radical prostatectomy, Harpster et al17 reported that
an early removal of Foley’s catheter on POD 4 would in-
crease the risk of urinary retention by about 10%. Incidence
of urinary extravasation, anastomotic stricture, pelvic ab-
scess, and urinoma did not show any statistical significance.
Postoperatively urethral catheterization is a safe procedure
for wound healing and epithelialization. It prevents over-
distention of the urinary bladder and decreases the tension
of anastomotic gap. It also decreases morbidities such as
urinary extravasation, anastomotic stricture, pelvic ab-
scess, and urinoma. In Taiwan, patients like to be dis-
charged with a better energetic status and the National
Health Insurance covers most of the ward expenses.8
Therefore, a patient would be discharged during PODs
2e5 and followed up at OPD between POD 7 and POD 14 for
removal of Foley’s catheter and stitches. The average
duration of urethral catheterization is slightly longer than
that in other series. Also, a longer urethral catheterization
would provide better VUA integrity.
Second, this study involves prospective data collection
and retrospective analysis, and is not a randomized study.
Certainly, a randomized multi-institutional study is
required to confirm these findings.
In conclusion, because the incidence of urine leakage
rate is low after RALP following the current surgical pro-
cedure, the necessity of postoperative retrograde cystog-
raphy seems minimal. Instead, intraoperative detection
and security are more important. We suggest that bladder
challenge with 120 mL and 200 mL saline in sequence and
compression of the extended urinary bladder by endoscopic
instruments comprise a simple, economical, feasible, and
safe method.References
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